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COMPETITIVE GRANT Leopold Center REPORT 
L E O P O L  D C E N T E  R FOR SUSTAINABLE AGRICULTURE 
Alternative production systems for 
high-value horticultural crops in Iowa 
Abstract: As concern about the adverse effects of pesticides grows, interest in alternative production 
methods for horticultural crops is increasing. In this project, strawberries and tomatoes, two important 
fruit and vegetable crops in Iowa, were studied under several alternative production approaches to 
determine how yields, quality, and income for growers could be maintained in comparison with 
conventional growing practices. One approach used integrated crop management strategies; another 
employed organic practices. A third used corn gluten meal, a natural fertilizer and weed control 
material. Results indicate that alternative production systems can provide acceptable June-beaming 
strawberry and tomato crop yields, quality, and income for Iowa growers. If biological controls for 
tarnished plant bug can be developed, everbearing strawberries may have acceptable yields as well. 
Background 
ment. Turkey manure and mechanical culti-
Alternative crop production approaches that vation are common components of organic 
use cultural practices or biological controls fruit and vegetable production systems. An-
are being sought to reduce or replace off-farm other method for strawberries is the use of 
chemical inputs. Driving this growing interest natural plant compounds that inhibit growth 
are human health and environmental concerns and development of other plants by acting as 
and rising production costs. These concerns a natural herbicide. Corn gluten meal (CGM), 
are especially relevant for small fruits because a by-product of wet corn milling, is one such 
consumers in pick-your-own operations have natural preemergence herbicide. CGM, which 
direct contact with the crop in the field. In inhibits root growth of germinating seeds and 
addition, chemical companies may not find it contains 10% nitrogen (N) by weight, func­
profitable to renew registrations on chemicals tions as a dual-purpose "weed and feed" or-
for use in minor crops such as strawberry and ganic amendment for turfgrass. Crops with 
tomato. established root systems, such as strawberry, 
can be grown effectively with CGM. 
Conventional strawberry and tomato produc­
tion systems involve intensive use of synthetic This project studied sustainable strawberry 
fertilizers and herbicides, along with calen- and tomato production systems in Iowa to 
dar-based applications of insecticides and fun- determine which are most economically fea­
gicides. But several other options exist for sible and environmentally sound. Specific 
producing strawberries and tomatoes. One is objectives were to 
integrated crop management (ICM), which (1) design and compare insect, weed, and 
includes integrated pest management strate- disease control strategies for Iowa-based 
gies for insect and disease control based on production; 
sampling of pest populations and monitoring (2) determine the best-management practices 
of weather conditions, along with reduced needed for alternative production systems; 
applications of products for fertility and weed (3) evaluate feasible technologies from an 
control. These methods may reduce inputs economic standpoint; 
while achieving acceptable levels of plant (4) evaluate adoption of products associated 
production and control of pests. Other pro- with organic production; and 
duction systems are based on the use of or- (5) identify factors contributing to the eco­
ganic fertilizers and cultural practices (i.e., nomic success of growing and marketing 
cultivation or mulches) for weed manage- organic fruits and vegetables in Iowa. 
Principal Investiga­
tors: 
Gail Nonnecke 
Horticulture 
John Obrycki 
Entomology 
Co-investigator: 
Angela Tedesco 
Horticulture 
Cooperators: 
Nick Christians 
Henry Taber 
Madeline McClure 
Horticulture 
Mike Duffy 
Economics 
Mark Gleason 
Plant Pathology 
Iowa State University 
Budget 
$17,200 for year one 
$17,700 for year two 
$18,200 for year three 
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Approach and methods 
Field research—growth and yield of straw­
berries: Field plots of' Earliglow' Junebearing 
(JB) and 'Tristar' day-neutral (DN, or 
everbearing) strawberries were established in 
1993 at the Iowa State University (ISU) Hor­
ticulture Station. Dormant strawberry crowns 
were planted in Clarion loam soil that had been 
planted in ryegrass the previous season. Mat-
ted-row culture of JB strawberries consisted of 
three rows 4.5 meters long (about 15 feet) by 
1.2 m wide. Annual culture of DN strawber­
ries was established on double rows. Fertility 
treatments were incorporated at planting and 
renovation; subsequent fertilization in JB ber­
ries was incorporated by hand-hoeing. JB 
plots received overhead irrigation, and DN 
plots received trickle irrigation. The JB plants 
were covered with straw in November for 
winter protection. When plants were uncov­
ered in April, straw was placed between rows 
of JB strawberries until incorporation at reno­
vation. Renovation involved mowing the 
strawberries and tilling all but a lO-in.-wide 
strip of strawberry plants in each row. 
Ripe strawberries harvested in the springs of 
1994 and 1995 from the center row of JB 
plants, and in late summer and fall of 1993 and 
1994 from the entire plot of DN plants, were 
inspected individually for defects, then counted 
and weighed. Berries were deemed unmarket­
able on the basis of small size, blemishes, 
deformity, and visible signs of disease, insect, 
or vertebrate damage. Three randomly chosen 
plants were dug from each plot in September 
1993 and October 1994 and 1995 for vegeta­
tive growth comparisons. Total leaf N (nitro­
gen) was determined at the beginning and end 
of each growing season; percentage weed cover 
was visually estimated monthly for JB plots, 
and the number of weeds was determined 
monthly by sampling three 20-sq.-inch quad­
rats per plot. 
Production cost budgets were estimated for JB 
and DN strawberries using four treatments: 
conventional (CONV), ICM, turkey manure 
(TM), and CGM (see Table 1). DN strawber­
ries were marketed at farmers' markets and 
fruit stands in 1994 and 1995 to determine 
factors that influenced the purchase of berries 
(appearance, whether locally grown and or­
ganically grown, year-round availability, and 
cost). 
Field research—tomato production sys­
tems: Field plots of 'Pilgrim' and 'Mtn. 
Delight' tomatoes were established at the ISU 
Horticulture Station in Clarion loam soil. 
Staked and unstaked systems were used in 
1994; unstaked was used in 1995. All plots 
received trickle irrigation. Tomatoes were 
harvested weekly for six weeks in 1994 and 
three weeks in 1995. Fruit were sorted, counted, 
and weighed. Reasons for unmarketable fruit 
were recorded in 1995 as injury from insects, 
vertebrates, or bruises, small size, scars, cracks, 
deformity, disease, or zippers (scars from 
flower petals on fruit). Leaves were sampled 
and analyzed for total N three times during the 
1994 season. 
A production cost estimate (see Table 2) was 
prepared for three treatments: CONV, ICM, 
and organic (TM). Tomatoes were sold in 
September 1994 and 1995 at a Des Moines 
farmers' market. Information was collected to 
determine what factors influenced consumers 
to purchase the tomatoes. 
Greenhouse strawberry research—com-
parison of N sources and application times: 
Part I: 'Earliglow' JB strawberry dormant 
crowns were transplanted into a greenhouse 
mix in pots for greenhouse experiments. Granu­
lar urea, CGM, or turkey manure (TM) was 
incorporated in the upper layer of the medium 
at each application. The three N sources were 
applied at two rates: (1) the recommended 
amount of N in split applications to strawberry 
in the field, and (2) the amount of CGM 
prescribed for optimal weed control. Urea and 
TM were applied in split applications at trans­
planting, 5 weeks, and 10 weeks. CGM was 
applied at transplanting to simulate its applica­
tion under field conditions. Natural lights 
were supplemented with high-intensity lights. 
Runners were counted and removed weekly. 
Leaf, crown, and root dry weights; plant leaf 
area; and crown number were measured at 
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Table 1. Inputs used for strawberry and tomato project 
CONVENTIONAL ICM TURKEY MANURE CGM 
June bearing 
FERTILIZATION 1993—Split urea (46-0-0) appl. at 
planting (56kg N/ha), runnering (56kg 
N/ha) and flower bud initiation (34 kg 
N/ha) 
1993—Split urea (46-0-0) appl. at 
planting (56kg N/ha), runnering (56kg 
N/ha) and flower bud initiation (34 kg 
N/ha) 
Composted turkey manure 
[Sustane—(5-1.4-3.3)] applied in split 
app. as for urea in Conv. and ICM 
One app. CGM [(10-0-0) 195 kg N/ 
ha] at planting in 1993 and at 
renovation in 1994 for fertility and 
weed control. 
1994-95—Calcium nitrate (15.5-0-0) 1994-95—Split app. of urea at 
at bloom (22kg N/ha); split app. of 
urea at renovation (56 kg N/ha) and 
flower bud initiation (34 kg N/ha) 
renovation (56 kg N/ha) and flower 
bud initiation (34 kg N/ha) 
WEED CONTROL 1993—DC PA, Dacthal ® W-75 twice 
1994—DCPA applied once 
Devrinol ® once 1993, twice in 1994 
1995—Devrinol applied once 
1993-94-DCPA, Dacthal W-75 once 
1994-95—Devrinol applied once 
Weed control by cultivation CGM (see abov$ 
INSECT AND 
DISEASE CONTROL 
1993—no sprays 
Weekly sprays of carbaryl (Sevin) 
beg. at full bloom (twice in '94, four 
1993—no sprays 
Scouting for Tarnished Plant Bug 
resulted in one app. of carbaryl 
times in '95) for Tarnished Plant Bug (Sevin) in 1994 and three in 1995 
Everbearing 
FERTILIZATION 1993-95—Urea incorporated at Urea incorporated at planting and Composted turkey manure 1993-95-one app. CGM [(10-0-0) 
planting and monthly thereafter (34kg monthly thereafter (34kg N/ha) [Sustane—(5-1.4-3.3)] applied in split 195 kg N/ha] at planting for fertility 
N/ha) app. as for urea in Conv. and ICM and weed control 
WEED CONTROL Polyethylene mulch Polyethylene mulch Straw mulch Straw mulch 
INSECT AND 1993 no sprays 1993 no sprays Insect control for crickets Insect control for crickets 
DISEASE CONTROL Weekly sprays of carbaryl (Sevin) 
beg. at full bloom (9 times in '94;8 
times in '95) for Tarnished Plant 
Scouting resulted in one app. of 
carbaryl (Sevin) in 1994 
diatomaceous earth, one app. 
in '94 and '95 
diatomaceous earth, one app. 
in '94 and '95 
Bug Weather-based model, six 
Captan and benomyl combined and 
sprayed weekly after bloom for 
anthracnose control (9 times in '94; 7 
applications of captan and benomyl 
in 1994 and four in'95 for 
anthracnose control 
No insecticide or fungicide sprays 
used 
No insecticide or fungicide sprays 
used 
times in '95) 
harvest. Total N was determined for leaf 
samples taken at 5, 9, and 17 weeks. 
Part II: 'Earliglow' JB and Tristar' DN 
strawberry plants were potted and grown as in 
Part I. Three treatments compared split or 
separate applications of CGM and urea. CGM 
was applied at its recommended rate for weed 
control at transplanting for both JB and DN 
plants. The first treatment had one additional 
application of CGM, the second treatment had 
two additional applications of CGM, and the 
third treatment had urea applied at recom­
mended field rates (transplanting and two 
additional applications). The same data were 
collected as in Part I, as well as counting the 
number of flowers on DN strawberries. 
Part HI 'Earliglow' JB and Tristar' DN 
strawberry plants were potted and grown as in 
Part I. Urea and CGM were applied in equal 
amounts at the same times. A third treatment 
received no fertilizer amendment. The same 
data were collected as in Part II. 
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Findings 
June bearing strawberry field research: 
Total yield did not differ among CONV, ICM, 
and CGM production systems, but CONV yield 
was greater than that of TM in 1994. Market­
able yield was similar among ICM, TM, and 
CGM systems in 1994, but CONV marketable 
yield was greater than TM and CGM. Total 
yield and marketable yield were the same in all 
treatments in 1995. There were no differences 
in total number of berries among treatments 
either year. Mean berry weight in 1994 was 
greater in CONV and ICM plots than in TM 
and CGM plots. In 1995, there were no differ­
ences in mean berry weight. Tarnished plant 
bug injury was the major cause of pest damage 
in 1994 and was greater in TM and CGM plots 
than in CONV plots. Vertebrate damage and 
small size, the next highest cause of unmarket­
able berries, did not differ among treatments. 
Leaf area; leaf, crown, and root dry weight; and 
total mother-and-daughter-plant dry weight 
were similar in all systems in both years. The 
45 
zWhen costs differ from conventional practices, difference is indicated ( ) on a 
separate line under that treatment practice. 
*Costs incurred for staked tomatoes. 
average number of runners and daughter plants 
formed and total number of daughter plants 
did not differ among treatments. In 1993, total 
leaf N nine weeks after planting was greater 
for plants in CONV plots than for those in TM 
and CGM plots. At season's end, plants in 
CONV, ICM, and TM plots had more N than 
plants in CGM plots. After the 1994 harvest, 
total leaf N from plants in CGM plots was 
greater than leaf N from plants in ICM, TM, 
and CONV plots. In 1995 there were no 
differences. 
Estimated per acre cost of the four JB straw­
berry production treatments differed $144.75/ 
acre between the highest (TM) and the lowest 
(ICM) treatment, primarily due to fertilizer 
and cultivation costs. 
Weed control in 1993 was better in CONV and 
ICM plots than in TM and CGM plots. By the 
end of the season in 1994 and 1995, the number 
of weeds was similar in CONV, ICM, and 
CGM plots. 
Day-neutral strawberry field research: To­
tal and marketable yield, number of berries, 
and mean berry weight were greater in CONV 
plots than in ICM plots, and both were greater 
than in the organic (TM) production systems. 
Insect and vertebrate damage in 1993 and 1994 
was greater in TM and CGM plots than in 
CONV and ICM plots. Small size, the greatest 
cause of unmarketable berries, did not differ 
among treatments in 1993 and 1994. In 1995, 
the TM plots had a greater percentage of small 
berries than CONV and ICM plots. Total leaf 
N in 1993 did not differ among treatments nine 
weeks after planting, but after 15 weeks, plants 
grown in CONV, ICM, and TM plots had more 
N than plants grown in CGM plots. There were 
no differences in 1994, but in 1995, CONV and 
ICM had higher total leaf N than CGM or TM 
at the end of the season. 
For DN strawberries, production cost per acre 
followed the (descending) order CONV/TM/ 
ICM/CGM; the difference from highest to 
lowest was $171.95 per acre, due primarily to 
higher chemical costs for CONV and higher 
fertilizer costs for TM. The primary character­
istic influencing consumers' decision to pur­
chase DN strawberries was appearance. Some 
52% of people purchasing DN strawberries 
were willing to pay more for organically grown 
berries than for conventionally grown berries. 
Tomato field research: In 1994 there were no 
differences between the three production sys­
tems for total marketable, total yield, and fruit 
size. Staked tomatoes had more early market­
able yield and greater size than unstaked, which 
had greater total marketable and total yield. In 
1995 the CONV and ICM systems were simi­
lar; both were greater than the organic (TM) 
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system in marketable and total yield and mean than split applications of urea and turkey ma-
fruit weight. Tomato production costs for the nure. As an organic N fertilizer, CGM's ben-
different systems, from most to least, were efit is similar to urea. Composted TM did not 
ICM/CONV/TM; the cost difference from perform as well as CGM or urea at similar N 
highest to lowest was $382.90/acre. ICM and rates in this greenhouse study. In field studies, 
CONV cost for chemicals was the main reason JB plants receiving TM did not differ in growth 
for the price differentials. Appearance was and development. 
again most important in influencing consum­
ers' decision to buy tomatoes. Two-thirds of Both alternative production systems for toma­
those purchasing tomatoes said they would toes in 1994 obtained yields similar to the 
pay more for organically grown tomatoes. CONV system, with a reduction in synthetic N 
and pesticides. The reduced TM yields in 1995 
Greenhouse strawberry research: were believed due to nutrient deficiencies from 
'Earliglow' strawberry plants grown with corn mineralization of N under the straw mulch in 
gluten meal had more runners than plants the cool growing conditions after planting and 
grown with urea (CONV) or TM in Part I. mulching, as well as greater weed pressure 
Plants grown with urea had more runners than from reduced and delayed cultivation. 
TM at all sampling periods. Leaf area, crown 
number, and leaf, crown, and root dry weights The TM tomato system in 1994, with its lower 
were greater from plants grown with CGM and production costs, would be advantageous even 
urea than plants grown with TM. In Part II without price premiums. The high cost of 
there were no differences among treatments in weather monitoring for small acreage use makes 
leaf N by the experiment's end. JB plants the ICM less economically advantageous for 
grown with CGM had greater leaf area; leaf, short-term benefits. The lower yield in 1995 
crown, and root dry weight; and more runners for the TM treatment was so reduced (75%) 
than plants grown with urea. When plants that an unreasonable price premium would be 
received equal amounts of urea and CGM needed to get returns equivalent to CONV and 
(Part III) they were similar in leaf and crown ICM treatments. 
dry weight and runners in JB and DN plants. 
Although alternative or organic systems often Implications 
produce less yield in the initial years of con- In summary, alternative production systems 
version from conventional methods, the JB with reduced chemical inputs can produce 
strawberries and tomatoes in this project had growth and yield comparable to that of CONV 
similar yields from alternative methods. The systems in JB strawberries and in tomatoes. 
DN strawberry yield was reduced by tarnished ICM strawberry production achieved plant 
plant bug damage and a mulch effect. growth, marketable yield, and weed control 
equivalent to CONV production with fewer 
With similar marketable yields for all produc­ pesticide sprays. In 1995, TM and CGM JB 
tion systems for JB in 1995, any price pre- strawberry production also achieved yield and 
mium for organic strawberries would easily growth similar to CONV. The CGM system 
exceed the small difference in treatment costs. had similar season total number of weeds as 
For the DN organic strawberries in this study, CONV and ICM. Returns for organic JB 
the marketable yield was so reduced (more strawberry treatments can be equivalent to 
than 50%) that even savings in treatment costs CONV and ICM at equal production cost, or 
were not enough to prevent the need for 100% higher if premium organic prices are obtained. 
price premiums to equal the returns of CONV 
and ICM strawberries. ICM tomato production matched that of CONV 
both years and TM the first year. With no price 
One application of CGM at weed control rates premiums, returns would be higher for TM 
in the greenhouse produced numbers of run- tomatoes than CONV and ICM treatments. 
ners and vegetative growth equal to or higher ICM returns could be equivalent to CONV 
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Project surveys 
showed that for both 
tomatoes and straw­
berries, appearance 
was the most impor­
tant factor influencing 
consumers' decision 
to buy. 
For more information 
contact G. Nonnecke, 
Horticulture, Iowa State 
University, Ames, Iowa, 
50011; (515) 294-0037. 
with a price premium to make up for the 9% 
higher production costs. 
Education and cooperative efforts: The 
Iowa Fruit and Vegetable Growers Associa­
tion were acquainted with the project results, 
which were also disseminated at field days, 
workshops, and professional conferences. Dan 
Cooper, then of the Iowa Department of Agri­
culture, assisted with the marketing studies. 
Additional research is needed to explore bio­
logical pest control and to clarify how seasonal 
conditions can alter the expected results of 
mulches and weed control products. The ac­
cumulated benefits to the agri-ecosystem, and 
short- and long-term economic impact of al­
ternative production systems, must be demon­
strated. In addition, greenhouse results from 
split applications of CGM and equal N amount 
comparisons between CGM and urea need to 
be confirmed in field studies. Additional stud­
ies to determine how seasonal conditions and 
multiple applications affect weed control and 
CGM performance throughout a growing sea­
son are underway in a subsequent Leopold 
Center-funded project. 
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